T he R elatio n betw een the A lum S tructures That the crystals which comprise the alums form an isomorphous series has generally been accepted almost as a self-evident fact. This is due to the similarity of their chemical formulae and of their crystal classes, and the evidence was rendered almost complete when Cork* * * § showed that a series ranging from ammonium alum to thallium alum was based on the one space-group, Pa3. There were, indeed, some discrepancies in his measurements,f but these could be ascribed to small parameter differences.
The first indication of polymorphism among the alums was given by methyl ammonium alum, % of which the structure was found to be different from that of potassium alum. § In order to study the relation between the structures, attempts were made to find accurately the parameters of caesium alum (which had been shown to possess the N H 3C H 3 alum structure), of rubidium alum (which was found to possess the potassium alum structure), and of sodium H . L ipson alum. It was hoped, by consideration of the changes of parameters involved, to deduce the causes of the change of structure. Sodium alum, however, was found to be quite different from either of the other two types. There are thus at least three different structures, which it has been proposed to call the a, p, and y structures.*
D etermination of the Parameters
The method used was that of determination of the electron density of the projection on (001).t Oscillation photographs were taken with Cu Ka radiation filtered through nickel, the crystal rotating about a crystallographic axis. The zero layer lines only were analysed, and from them were made estimations of the hkO reflections with sin 0/X < 0*65. For caesium and rubidium alums F 's were estimated from Cork's results as previously described, J although the correspondence between the author's estimations and Cork's measurements for rubidium alum was not good. For sodium alum, the curves connecting absolute and esti mated intensity were arranged to give magnitudes similar to those of reflections from ammonium alum. It is considered that methods such as this will enable the atomic positions to be found at least as accurately as any other method of using the data from oscillation photographs. The parameters adopted were, of course, subjected ultimately to the test of comparison of calculated and observed intensities.
In order to reduce the possibility of " ghosts," all the reflections that could be detected were used.
Caesium Alum-A small crystal was used, and the intensities corre sponded quite obviously with those of methyl-ammonium alum. The F values, Table I , were thus given the signs calculated on the basis of this structure. Fig. 1 shows the Fourier synthesis, together with the atomic positions deduced from it.
Rubidium Alum-A fairly large crystal was used and this may have affected relative intensities somewhat. The structure was obviously similar to that of potassium alum, and the F values were allotted signs corresponding with this, Table II. The resulting Fourier synthesis, fig. 2 , however, was not so satisfactory as that for caesium alum. Sodium Alum-The crystal used was dissolved down to a cylindrical shape. This is desirable for the correct estimation of intensities, but was not possible with the other two crystals on account of their low solubility. The intensities hkO with h odd were absent, indicating the same spacegroup, Pa3, but apart from this the intensities were entirely different from those given by the other two structures. In particular the reflections hkO with k even indicated a sulphur parameter of 0-25, in comparison with its value, in potassium alum, of 0-31. Other intensities showed, however, that it was more probably 0 -23 or 0-27, and this latter value was adopted as being nearer to the value in potassium alum. Since it is impossible to distinguish between Na (11) and A1 (13) on the basis of intensities alone, either value is possible, but ultimately, of course, the two atoms can be recognized by their environments.
The complete structure was derived by a method of successive approxi mations. The F values were initially given the signs of the contributions of Na, Al, and S, and the electron density computed. The result was quite obviously wrong. Nevertheless, since most of the signs must be right, it was thought that it should bear some relation to the correct structure. Three peaks were shown corresponding with the parameters 0-08, 0*04, 0*30, and these were taken as representing water molecules which touch Na. On these parameters a structure was built up on the same principles as those involved in potassium alum. The electron density was again computed on the basis of the signs given by the structure; it showed a tendency to reproduce the parameters used to derive it, but calculations of intensities showed that it was not right. However, there were three peaks corresponding with the parameters 0-05, 0 06, 0T4, which represent an octahedral distribution of atoms round Al at the origin. It was assumed, therefore, that these parameters represented approximately the H aO positions. There were found to be four positions of the S 04 group which fitted in with these, but only one gave approximately correct intensities, and this was taken as the correct structure. The F 's, with the signs derived from this structure, are shown in Table III , and the corresponding Fourier synthesis, in fig. 3 . Table IV gives the parameters of the five alums which have been examined in detail.
Photographs taken with the following crystals showed that they possess the a structure: KCr(S04)2 . 12HaO, KAl(SeOJ2 . 12H20 , NH4 A1(S04)2 . 12HsO, and T1A1(S04)2 . 12HaO.
Also it was found that methyl ammonium alum could be deposited from solution on rubidium alum, and that the structure was similar to that of potassium alum. Thus methyl ammonium alum is dimorphous, a fact which is doubtless connected with the possibility of distortion of the ion N H 3CH3.
T h e Stru c t u r e o f Sodium A lu m Caesium and rubidium alums are sufficiently similar to N H 3CH3 and potassium alums respectively for a detailed examination of their structures to be unnecessary here. Sodium alum is based on the same principles: half of the waters form octahedra round Al, and the others serve to fink together these co-ordination groups, the S04 groups, and the Na atoms. Each of these latter waters has four contacts which are arranged approxi mately tetrahedrally. It is in the details of the contacts that the structure differs from that of potassium alum; this is illustrated in fig. 4 . In particular, the S04 groups are oppositely disposed along the triad axes in the two structures. (a)Interatomic Distances-The dimensions of the S04 groups and the A16HaO groups are, within experimental error, the same in all the crystals; the diameter of O is about 2-45 A, and of H aO about 2-7 A. The distances representing contacts external to these groups are given in Table V. T There is a probable error of about 0 • 1 A in these distances, but it is considered that averages may be more significant than this. If this be so, it appears that there is no distinction between the contact H aO-H 20 and H aO-O. The average distance is 2-65 A.
The structure of a particular alum is quite obviously dependent on the radius of the monovalent ion. The a structure is typical of medium sized ions, the [3, of the larger ones, and the y, of the small Na atom. The reasons for this may best be understood by consideration of a mono- showing the octahedra round the aluminiums at 0 £), and the arrangement of the bonds to the other water molecules valent ion (R') of varying radius. Suppose it is such that the a structure is first formed. As the radius increases, each H aO which touches the monovalent ion will move nearer to the other groups which it touches, and these will tend to alter their orientation to preserve correct distances. This change, however, is very limited, and there must also be a translation of the S 0 4 groups along the triad axes. (This, however, is not apparent in the change from potassium to rubidium alum.) Now, it has been remarked* that there is no direct connection in the structure, between R' and the S 04 groups nearest to it. The movement of the S 04 groups suggested above is such as to decrease their distance from R', which also is increasing in size. A point is thus bound to occur when the attraction between the two is sufficient to become a governing factor in the structure; then the S04 group takes up a new position of equilibrium under the extra forces involved. The addition of bonds to R' will tend to change the disposition of the other bonds ; presumably the complete distribution will tend to be as uniform as possible. This is sufficient to explain all the differences between the a and (3 structures. If the radius of R' in the a structure be decreased, the water molecules associated with it will move farther from the other groups. The resulting increase in the distance H aO-O cannot be corrected sufficiently by trans lation of the S04 groups along the triad axes, for the oxygens in the a structure are nearly at the minimum distance from R \ If the S04 groups, however, are oppositely orientated along the triad axes, the distance R'-O can be much smaller, and thus a structure can be built up with a small distance R'-H aO. This is the y structure. It is interest ing to note that the unit cell of the sodium alum = 12* 19 A db 0*02) is definitely greater than that of potassium alum (a0 = 12 • 133 A ± 0-002).
There is no means of allowing for a further decrease in R', and this probably accounts for the non-existence of lithium alum.
( b) Angles between the Water Bonds-Though the same disposition of atoms round the water molecules is approximately maintained in all the alums, the variation is big and probably represents nearly the maximum which can occur. The angles are shown in Table VI .
It will be noticed first that the plane distribution of the bonds to A1H20 is very well maintained in all the crystals. The other water changes very greatly, but the average angle remains near 109°. The maximum divergence from this is 24°.
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